Degradation of phagocytosed lysosomes by Kupffer cell lysosomes.
Lysosomal membranes are apparently resistant to hydrolytic attack from their own enzymes. Alternatively, degradation occurs but is compensated for by continuous insertion of new membrane components. It may be hypothesized that a mechanism operating exclusively on the luminal side of the lysosomal membrane serves to protect the membrane from being degraded. To evaluate this notion the cytoplasmic side of the lysosomal membrane has been exposed to lysosomal enzymes in vivo. Lysosomes were isolated and subsequently injected into the portal vein of a series of rats. The uptake of the injected organelles by Kupffer cells and their subsequent degradation in lysosomes were monitored by means of electron microscopy. Four minutes after injection lysosomes were seen attached to the surface of the Kupffer cells. After 30 minutes the injected material was present in Kupffer cell phagolysosomes, and signs of degradation of the phagocytosed lysosomes were seen. By 2 hours only a few distinct membranes were left, and by 12 hours the injected lysosomes were no longer recognizable. Instead, the phagolysosomes of Kupffer cells were laden with lipid-like droplets and irregular membranous structures. Acid phosphatase histochemistry and labeling of preexisting Kupffer cell lysosomes with marker particles indicated that the phagosomes engulfing the injected lysosomes acquired hydrolytic enzymes within 30 minutes after their formation. The degradation rate of injected lysosomes was estimated by measuring the decay of radioactivity from a rat liver mitochondrial lysosomal fraction after administration of lysosomes isotopically prelabeled with 14C-leucine and 14C-glycerol. The half-life of the lysosomal membrane proteins varied between 1.5 and 2.0 hours, whereas that of the lipid component was in the range of 2.0 to 3.5 hours. These findings demonstrate that lysosomal membranes are degraded if their outer surface is exposed to lysosomal enzymes. Both the ultrastructural analysis and the isotopic studies indicate that proteins are degraded faster than lipids. Apparently, the cytoplasmic surface of the lysosomes is susceptible to lysosomal hydrolytic attack.